Background: Studies internationally show a lack of consensus among dentists regarding perinatal oral health yet no study in Australia has explored the perceptions of dentists in this area. This study aims to determine the knowledge, perceptions and practises of dentists in New South Wales (NSW), Australia, about perinatal oral health. Methods: An online survey was distributed to 1357 members of the Australian Dental Association (NSW) and 185 (13.4%) completed surveys were returned. Results: Most dentists (99%) stated that pregnant women should receive a dental check, yet only 20% agreed that there was a good understanding among health professionals on this topic. Dentists were aware of safe dental practises during pregnancy but had limited knowledge about the association between periodontal disease and birth outcomes. Dentists were more likely to advise pregnant women to delay dental visits when there was a perceived lack of knowledge of the risks involved (odds ratio, 2.157) or were concerned about providing treatment without consent from their general practitioner (odds ratio, 2.449). Most dentists (95.7%) stated that they wanted further information about dental care during pregnancy. Conclusions: Findings suggest a need for continuing education for dentists and practise guidelines on perinatal oral health. Further research with a national sample is recommended to confirm these findings.
INTRODUCTION
Oral diseases are among the most common health problems experienced by Australians, 1 with pregnant women being particularly at risk due to hormonal variations and changes in their oral flora. 2, 3 Oral diseases can be problematic for both mother and child, as research continues to show positive associations of poor periodontal health with adverse pregnancy outcomes (preterm birth, low birthweight and pre-eclampsia). 4 A recent systematic review of approximately 700 observational studies has shown that this association, although modest, is independent of other pregnancy risk factors. 5 Even after the birth, poor maternal oral health can increase the likelihood of infants and pre-schoolers developing early childhood caries through the transmission of saliva infected with decay-causing bacteria to their child. 6 Despite these known risks to both mother and child, few Australian women seem to be visiting a dentist while pregnant, even when they have existing dental problems. 7 The studies that have explored this area have shown a low uptake of dental services among pregnant women ranging 30-50%. [8] [9] [10] There are a number of reasons for this including the widespread misconception that women should not receive dental treatment when pregnant, due to concerns about infant safety. 7 Other reasons include high cost, limited emphasis being placed on oral health during antenatal care and a lack of awareness regarding the priority of oral health during pregnancy and beyond. 7, 11 Similar attitudes are reflected globally with a generally low uptake of dental services by pregnant women in the USA (23-49%), United Arab Emirates (58%), Kuwait (50%) and Greece (27%). [12] [13] [14] [15] Even in countries like the UK where dental treatment is free for pregnant women the uptake has been fairly low (33-61%). 16, 17 To address this issue, guidelines have been developed globally recommending that all expectant mothers receive oral health education, assessments and referrals by their antenatal care provider (ANC). 18, 19 Australia has been quick to respond by developing evidence-based oral health promotion material, 20 providing appropriate education to midwives 21 and introducing the Midwifery Initiated Oral Health program which incorporates a screening tool into current midwifery practise. 22 While there is currently debate over whether periodontal treatment has any impact on pregnancy outcomes, it is clear that treating dental issues in pregnant women will improve oral health and functioning, assist in the management of dental disease and reduce the risk of children developing early childhood caries. 19, 23 While these initiatives are vital to increase awareness of both ANC providers and women regarding the importance of oral health care during pregnancy, it is equally important that consensus among dentists on this issue is reached. Studies highlight a lack of consensus among dentists internationally about the safety of providing oral health care to pregnant women. 15 Dentists are therefore hesitant to treat pregnant women for reasons including fear of causing harm to the foetus and fear of legal implications. This is of concern, as ANC providers who follow the current guidelines and make appropriate referrals to dentists need to be confident that dentists will follow through and treat pregnant women. If not, this lack of consensus will continue to prevent pregnant women seeking and receiving necessary dental care. This is particularly relevant in Australia as public dental services are only accessible to a small proportion of the population. 24, 25 To our knowledge, there are no studies that have looked at the perception of dentists about oral health care during pregnancy in Australia. This study aims to determine the current knowledge, perceptions and practises of dentists in New South Wales (NSW) related to perinatal oral health, and to identify barriers to and predictors of their practises in this area. This study seeks to answer the following research questions: 1 How knowledgeable are dentists about oral health care during pregnancy? 2 What are the attitudes of dentists towards oral health care during pregnancy? 3 Do dentists provide perinatal oral health care to pregnant women? 4 What are the barriers to dentists discussing oral health care during pregnancy? 5 What factors determine whether dentists advise pregnant women to delay dental visits until after pregnancy?
METHODS

Sample and data collection
A cross sectional survey of a random sample of dentists practising in NSW was conducted from October 2013 to June 2014. They were recruited through the NSW Australian Dental Association (ADA) branch. An email, including the online link to the survey and the information sheet, was sent to 1380 members inviting them to participate. A similar email was sent as a reminder approximately 1 month later, via the ADA to the same members. Participation in this study was voluntary and a completed survey implied informed consent. The investigators maintained the privacy and confidentiality of all information collected in the study.
Survey design
Development of the survey involved review of the literature, policy statements, other international guidelines and expert opinions regarding dental care during pregnancy. 18, 19, 25 The majority of the survey items were derived from existing validated questionnaires used in previous studies relating to perinatal oral health. 25 Based on this information, an online survey was designed using Qualtrics. 26 Questions in the survey were presented in four domains which included knowledge about oral health during pregnancy, attitude towards oral health care during pregnancy, dental treatment practises as well as barriers to providing care. Data regarding personal and practice demographics was also collected. The survey design consisted of multiple-choice questions ('true'/'false'/ 'not sure') in the knowledge domain and Likert scales (1 = 'strongly agree' to 5 = 'strongly disagree') to assess the attitudes, practises and barriers of the dentists. The completed survey was reviewed by experts to establish content validity and then tested for online accessibility and comprehension by a group of dentists practising in a large metropolitan local health district in NSW. The content, clarity and length of the survey was then modified accordingly and made available online and in hardcopy form (see Supplementary Material).
Ethical considerations
Ethics approval was obtained from Western Sydney University Ethics Committee (HREC H10205).
Sample size
Two sample size calculations were conducted to ensure the sample was adequate for both estimation of population prevalence of advising pregnant women to delay dental visits until after pregnancy, and tests of association between this variable and perceived barriers and attitudes. As population prevalence of advising pregnant women to delay dental visits until after pregnancy is unknown in this situation, a prevalence of 50% was assumed for the most conservative estimate. To estimate a population proportion with 80% power, a precision of AE0.1 and alpha of 0.05, it was determined that a total of 97 participants was required. To detect associations between advising pregnant women to delay dental visits until after pregnancy and perceived barriers and attitudes with 80% power, an effect size of 0.2, an alpha of 0.05, and assuming a 1:1 ratio of group size, it was determined that a total of 186 participants was required.
Data analysis
Data from the survey were analysed using SPSS version 22 (SPSS, Chicago, IL, USA). 27 To explore the knowledgeability, attitudes, practises and barriers of dentists regarding oral health in pregnancy, descriptive statistical analyses were used. The responses to the questions in the knowledge domain were assessed against current evidence-based guidelines 18, 19 , systematic reviews [5] [6] [7] and therapeutic recommendations, 28 and those deemed correct were aggregated into a score out of 25. Continuous data were tested for normality using the ShapiroWilk test. Any non-parametric continuous variables were recoded into categorical variables to facilitate analysis with chi-square tests. To explore factors that predict whether dentists discuss oral health with pregnant women or advise them to avoid dental visits until after pregnancy, contingency tables with Pearson's chi-square tests were first conducted to examine relationships between variables of interest and other factors. For the purpose of these contingency tables, some ordinal dependent variables were recoded into dichotomous variables. Specifically, items from the behaviour domain were dichotomized from a 3-point scale indicating frequency of engaging in practises ('always', 'sometimes' or 'never') by combining 'always' and 'sometimes' categories into one category, leaving 'never' as its own category. In addition, items from the attitude and barriers domains were recoded from a 5-point Likert scale rating level of agreement ('strongly agree' to 'strongly disagree') by combining points 1 ('strongly agree') and 2 ('agree') into one category, and all other points into another category. Any variables found to be significantly associated with the variables of interest were analysed through ordinal logistic regression, where the dependent variables were left in their original ordinal coding. Pearson's chi-square goodness-of-fit tests and tests of parallel lines were used to ensure that the data met the assumptions of ordinal logistic regression The alpha level was set at 0.05. The sample size for the logistic regression model was 189, which was determined to be sufficient by post-hoc analysis using Peduzzi et al.'s recommendation of N = 10k/p where k = number of covariates and p = the smallest proportion of negative or positive cases, along with Scott Long's recommendation of increasing the resulting number to 100 (if <100). 29, 30 .
RESULTS
Of the 1357 ADA members invited to participate, 192 responded. Of those, seven were deleted due to 50% or more of the data being incomplete. This resulted in a total of 185 completed surveys (13.6% response rate). Missing data across the survey items ranged 1.1-4.3%. The demographic items had the most missing data, with minimal missing data in the knowledge, attitudes, barriers and behaviours domains.
Demographics
Responses were received from 48.9% (N = 87) male and 51.1% (N = 91) female dentists (see Table 1 ). The mean age for the dentists was 48.27 AE 12.3 years (range, 25-74) and they were working on average 33 h/week. They had an average of 23.7 AE 12.6 years of dental experience and a third had postgraduate qualification. Of dentists who responded, 88.8% (N = 158) worked in a private setting and 11.2% (20) in the public sector. The majority of dentists who responded (85.4%, N = 152) practised in and around the Sydney area while 14.6% (n = 26) were located in regional areas. Most of the dentists (86.5%) treated at least one pregnant woman per month with most of the referrals coming from general practitioners (87.6%). Only 27.5% of dentists (N = 55) noted that they had received some formal education/training on oral health care during pregnancy and 48.9% stated having information brochures on maternal oral health care.
Main findings
Knowledge
The mean total number of correct answers for the 25 knowledge items was 18.02 (68.6%, standard deviation = 3.00). Higher proportions of dentists incorrectly answered questions regarding periodontal disease and birth outcomes (range, 18.9-65.9% correct responses). The percentage of correct responses for each knowledge item is shown in Table 2 .
Attitude
Almost all dentists agreed that maintaining oral health during pregnancy was important (99.5%) and that pregnant women should receive a dental check early in pregnancy (98.9%). The majority of dentists also agreed that they had the skills to advise pregnant women on oral health (94.6%), and less than one-fifth (18.4%) of dentists agreed that ANC would be better able than dentists to counsel pregnant women about oral health. Less than one-quarter (24.9%) of dentists believed that cost was a barrier to providing advice on dental care during pregnancy. Only 20% of dentists believed there was a good understanding between ANC providers and dentists regarding dental care for pregnant women, and the majority of dentists (96.8%) agreed that there was a need for universal guidelines for oral health care during pregnancy for all health professionals (Table 3) .
Practise
Of dentists who responded, 85.9% always discussed the importance of oral health with pregnant women during clinical care. Less than half always provided counselling regarding the association of poor periodontal health with negative birth outcomes. Only 13% of dentists would always undertake routine single periapical radiographs, and 52.4% of dentists surveyed sometimes advised pregnant women to delay dental visits until after pregnancy (Table 4) .
Barriers
Concern of pregnant women about safety of dental procedures (77.0%), followed by the patients' lack of concern with oral care during pregnancy (67.8%) were the most common perceived barriers reported by dentists. Additionally, more than half (55.2%) of dentists perceived a lack of practise guidelines on oral health during pregnancy in Australia to be a barrier to dental care (Table 5) .
Factors predicting perinatal oral health practise of dentists in NSW Advising pregnant women to delay dental visits until after pregnancy was significantly correlated with the attitude variable, 'I am concerned about providing treatment to pregnant women without consent from their GPs' (P = 0.005) and the barrier variable 'My lack of knowledge of risks involved when treating pregnant women' (P = 0.009).
Further analysis of the correlations showed that dentists were significantly more likely to advise pregnant women to delay dental visits until after pregnancy if: (i) they perceived their lack of knowledge of risks when treating pregnant women as a barrier (odds ratios (OR) = 2.157); and (ii) they were concerned about providing treatment to pregnant women without consent from their GPs (OR = 2.449). Full results of this regression model can be seen in Table 6 .
DISCUSSION
Physiological changes occurring during pregnancy make it a unique but complex period and appropriate care provided during this time has an impact not only on the health of the mother but the child as well. Routine and emergency dental care should be provided to pregnant women, however, there is no information about current practise among dentists in NSW in this area. The focus of this cross sectional survey was to explore the current knowledge, attitudes, practises and barriers of dentists in NSW towards oral health care during pregnancy. We also sought to identify predictors of the likelihood of dentists advising pregnant women to delay dental visits until after pregnancy. This study is the first of its kind to be conducted in Australia.
7,18
Study sample and limitations
The mean age for participants was 48.27 years which was comparable with the population data of NSW dentists (from 2014) which was 47.5 years. 31 From the responses received, 11.2% of dentists worked in the public sector in NSW, which is also comparable with the population data (9.6%). 32 There was, however, a significant difference in gender ratio of the study data (51.1% female) when compared with the population statistics of Dentists in NSW where 37.1% were female. 32 This difference could be due to the fact that females tend to respond more than males to surveys, 33 especially in this case when the survey topic (pregnancy) is relevant to them and they themselves may be concerned about oral health. Another study limitation is the low response rate (13.6%) which seems to be a common phenomenon across health professional surveys conducted in Australia, New Zealand, Canada and the USA, particularly when the targeted sample is greater than 1000. 34 Email survey response rates have also significantly reduced over the years due to survey fatigue. 35, 36 Contributing to the low response rate could be the length of the survey which might have been a disincentive for busy dentists.
Due to these limitations, the findings may not be representative of all dentists within NSW and might have resulted in selection bias. There is also a risk of non-response bias as we were unable to personally contact the dentists and only one reminder could be sent to participants through the ADA (NSW). Nevertheless, because those who respond to surveys tend to have a higher interest in the subject of the survey than those who do not, any selection/non-response bias that might have resulted from the low response rate would likely have overestimated knowledge, attitudes and behaviours. Despite this, scores from the survey in these areas still remained low. In spite of the limitations, the study findings have provided a valuable insight into this under-researched area in Australia.
Perinatal oral health knowledge and practises of dentists
The majority of dentists in this study knew that basic dental treatment is safe during pregnancy (98.4%) and were aware of the dental procedures that are safe to undertake during this period (88.6-97.3%). In addition, all agreed that women should receive preventive dental care during pregnancy; however, their knowledge about the relationship between periodontal disease and adverse pregnancy outcome was limited. Similar findings were reported among dentists in North Carolina, Florida and Oregon in the USA 37, 38 where almost 40% of dentists were uncertain about oral-systemic association during pregnancy (the effects of poor oral health on pregnancy outcomes). 39 Current perinatal oral health guidelines 18 recommend that it is safe to undertake radiographs during pregnancy yet over 25% of dentists in this study were unsure about the risk of radiographs during this period. Other studies have also reported similar misinformation on the use of radiographs, with the proportion of dentists who avoid taking radiographs of pregnant women ranging 17.3-89.8%. 37, [39] [40] [41] [42] [43] Although the dentists in this study were knowledgeable about the safe use of medications like paracetamol and amoxicillin, their understanding regarding the use of medications like erythromycin, aspirin and non-steroidal anti-inflammatory drugs was markedly lower than dentists from an earlier study. 39 A possible reason for this could be that erythromycin and aspirin are not commonly prescribed by dentists. Nevertheless, this lack of knowledge or misunderstanding can have serious implications for pregnant women, and more continuing education is warranted to educate dentists in the safe use of medications during pregnancy.
Attitude of dentists towards perinatal oral health
The dentists in the survey had a very positive attitude towards perinatal oral health with 98.9% agreeing that pregnant women should receive a dental check early in the pregnancy, while more than half (63.9%) expressing confidence in having adequate time and skills to advise pregnant women on oral health. This finding has been supported in other studies where there has been an almost universal agreement that dental care should be part of prenatal care with most dentists having favourable attitudes toward pregnancy-specific counselling; 37,39 even more than obstetrician/gynaecologist and nurses. 44 Acknowledging the importance of a check-up is vital to ensuring that appropriate advice is given regarding the importance oral health for both pregnant women and their baby, and any potential problems are diagnosed and resolved early in the pregnancy, allowing women to enjoy good oral health throughout their pregnancy. 45 In a study among ANC providers in NSW, the ANC providers displayed positive attitudes towards oral health during pregnancy. 46 This is significant because nearly 95% of dentists in this study agreed that pregnant women were more likely to seek dental care if their ANC recommended it. The findings from a study of attitudes of North Carolina dentists showed that 73.8% of dentists were interested in collaborating more with physicians and nurses to improve the interprofessional care of their patients. 47 Therefore, the positive attitude of both dentists and ANC providers is vital in developing a collaborative environment where pregnant women can access appropriate dental care during pregnancy. Although most dentists were comfortable about discussing the oral-systemic link and providing treatment to pregnant women without consent from their GPs, nearly a quarter of dentists (25.4%) were concerned about being sued. There was general agreement (96.8%) regarding the need for universal guidelines for oral health care during pregnancy for all health professionals. Guidelines to improve oral health for pregnant women have been available in the USA. Since 2006, organizations such as the American Dental Association, the American Academy of Pediatrics, the American Academy of Periodontology and the American Academy of Pediatric Dentistry have released guidelines; however, there are none in Australia. As a result there is no consensus regarding the type of treatments that can safely be provided to pregnant women. This study highlighted the fact that whilst most dentists in NSW routinely carried out dental examination and periodic scaling, they were reluctant to undertake invasive procedures like extractions, root canal therapy or crowns. Similar findings are reflected in many international studies. 37, 39, 42 .
Barriers and predictors of perinatal oral health practises among dentists
In addition to a lack of clear guidelines, the most notable perceived barriers for dentists were insufficient knowledge about the safety of procedures during pregnancy (77%) and patients' perceptions (67.8%). Similar concerns were highlighted by dentists in the survey by Ohio State University. 48 However, time and cost indicated in another study as the key barriers 49 were not of main concern among dentists in this study. The attitudes of dentists that predicted whether they undertook dental procedures during pregnancy or delayed until after pregnancy were also explored in this study. Lack of knowledge was one of the strong predictors. It is understandable that dentists who lack adequate knowledge may perceive more barriers and thus delay treatment until after pregnancy. A similar pattern was also observed among the dentists in Oregon where their model showed a link between lack of knowledge barrier and number of pregnant patients reportedly seen. 49 On the other hand, dentists who were knowledgeable about the link between periodontal disease and preterm birth were more likely to counsel pregnant women. 50 Although only 15.1% of NSW dentists reported being concerned about providing treatment without consultation with a GP, it was a significant predictor for delaying treatment. This concern was shared by dentists from a study in Brazil where 40.5% felt a need to consult the patient's obstetrician prior to undertaking any dental procedure. 42 
CONCLUSIONS
The findings from this survey suggest a lack of consensus among NSW dentists in the management of pregnant woman. Although there has been variation in knowledge reported among dentists in various studies conducted in the USA, the presence of guidelines there provide dentists with better understanding about the use of medications and improved confidence to treat women during pregnancy. Further research at a national level is required to identify whether the study findings are similar in all Australian states and territories. Nevertheless, the gaps identified in the knowledge and practise of dentists support the need in developing evidence-based guidelines on perinatal oral health in Australia. Continuing education for dentists to minimize barriers and increase their confidence in providing comprehensive care to the pregnant women may also be warranted. Such steps could improve not just the knowledge of dentists but also collaboration with ANC providers for provision of integrated dental care to pregnant women in Australia.
